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Butterfly weed (Asclepias tuberosa) is a primary larval food source for the
monarch butterfly (Danaus plexippus). Planting more butterfly weed may stimulate
declining monarch populations. To that end, a habitat suitability map was created for
Mississippi in GIS using soil pH, soil texture, and land cover. Herbarium data were
derived from the Southeast Regional Network of Expertise and Collections (SERNEC)
database. Environmental data were from the USDA National Resource Conservation
Service geospatial data gateway. Frequency analysis was used to assign scores to
environmental variables of SERNEC occurrences using a suitability index. Global
positioning systems (GPS) locations of butterfly weed were collected to validate the
model. The most suitable model with 78.9% of GPS points in medium to high suitability
was a weighted sum overlay with land cover 50%, soil pH 25%, and soil texture 25%.
The suitability map may enable conservationists to identify suitable sites for butterfly
weed in Mississippi.
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INTRODUCTION
Butterfly weed (Asclepias tuberosa) is a perennial herb known for its bright
orange blooms and is one of 20 native species of milkweed occurring in Mississippi
(USDA, NRCS, 2018). Although perceived a weed by farmers, milkweed is habitat for
monarch butterflies (Danaus plexippus) to lay their eggs and the sole food source for
monarch larvae (Brower, 1969). Monarchs migrate every fall from east of the Rocky
Mountains to Mexico’s Oyamel fir forests and return the following spring to North
America to lay their eggs on milkweed (Urquhart and Urquhart, 1976) (Figure A.1). The
presence of milkweed in the southern U.S. plays an important role in the migratory
success of monarchs (Malcolm et al., 1993). Scientists monitoring migrating monarchs
estimate 3.62 billion milkweed stems are needed to reestablish monarch populations to an
average overwintering population size occupying 6 hectares (approx.15 acres) in Mexico
(Figure A.2). Only an estimated 1.38 billion stems remain in the U.S. therefore,
approximately 1.8 billion additional milkweed stems are needed (Thogmartin et.al, 2016).
Breeding habitat due to land-use change (i.e. urbanization), and modern agricultural
practices (i.e. pesticide applications), as while as extreme weather events are thought to
have primary impacts on the monarch’s populations (Brower et. al, 2012). Climate
change is becoming increasingly influential and expected to be a major issue by 2050
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(Thomas et. al. 2004). Creating more breeding habitat by planting more milkweed may
aid to halt the decline of the monarch butterflies.
A Geographic Information Systems (GIS) is a coordinated set of computer tools
that links spatially defined (geographic information) data to descriptive, attribute data,
thereby creating a mapping dataset to predict and analyze a species’ spatial distribution.
Suitable habitat may be identified by modeling a species’ environmental preferences.
Butterfly weed habitat may be identified in Mississippi based on frequency occurrence of
readily mappable environmental variables such as, soil pH, soil texture, and land cover. It
was hypothesized that a GIS model based on butterfly weed’s environmental preferences
would successfully identify suitable habitat sites in Mississippi. Herbaria databases, such
as the Southeast Regional Network of Expertise and Collections (SERNEC), provide
historic distribution data and the USDA National Resource Conservation Service (NRCS)
database provides environmental resource data. The usefulness of the SERNEC data
points regarding butterfly weed’s site suitability may be validated using global
positioning systems (GPS) data points. The objectives of this study are to: 1) employ GIS
to identify potential habitat for butterfly weed based on environmental preferences; and
2) determine the usefulness of historic datasets and categorized spatial analysis for
modeling habitat suitability. A limitation to this study is the spatial resolution of the
environmental data and the spatial accuracy of butterfly weed locations. The study
purpose is to develop a suitability map based on butterfly weed’s environmental
preferences to ensure suitable out-planting sites are selected in Mississippi to establish
milkweeds and provide additional food sources for monarch butterflies.
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LITERATURE REVIEW
Milkweed Physiology
Milkweeds (Asclepias spp.), named for their milky, latex sap, are predominantly
perennial herbs of the Asclepiaceae consisting of over 150 species in Africa (some
annuals) and 108 known species in North America. Bloom period is species dependent
and flowers appear in umbels (clusters) above the plant (Cheatham, et al., 2000). Each
flower has five sepals, five petals, five stamens, and a centered ovary with two chambers
(Bergen, 1896) (Figure 2.1). The floral structure is complex as many of the parts are
fused so pollinators become easily entangled in the mass. Species have distinct coronas
which have five hoods (i.e. nectaries which contain the papillate cells) and five horns
(Woodson, 1954). Waxy sacs (pollinia) contain the pollen which is housed in the gland
(corpusculum). The gland contains a slit pollinators must come in contact with when
visiting to successfully pollinate the plant (Woodson, 1954). The fruit is a dehiscent,
ellipsoid-shaped follicle that releases seeds with tuft hairs and are dispersed by the wind.
Leaf arrangement is simple in most species with two to three unlobed leaves at the nodes
(Cheatham, et al., 2000). The underground organ is often a taproot, but some species
present gemmiferous roots (i.e. A. syriaca), similar to rhizomes. Multiple species can
produce up to 50 stems from the caudex (rootstock) which can make an individual plant
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appear to be many. Common pollinators include: bees, butterflies, beetles, flies and
hummingbirds (Borders et.al, 2013).

Figure 2.1

Milkweed (Asclepias spp.) flower morphology.

"Flower of Asclepias cornuti. A, entire flower; B, vertical section; C, diagram; D, details
of pollen-masses and glands. ca, calyx; c, corolla; hd, hood; hn, horn; a, anther; s, stigma;
o, ovary; g, gland; p, pollen-mass" (Bergen, 1896).
Butterfly weed (A. tuberosa), also known as pleurisy root, is named for its tuberlike root and best known for its orange to red blooms (less commonly yellow) that appear
4

typically from May to August (Figure 2.1) (Timme, 1989). Plant height is 30 to 90 cm
tall (Cheatham et al., 2000). Leaves are simple, lanceolate to broadly lanceolate (seldom
oblanceolate), with an entire margin and short petioles. Leaf dimensions range from 3 to
11 cm long and 1 to 3 cm wide (Cheatham et al., 2000; Timme, 1989). Stems are hairy
and multiple stems can appear from the woody rootstock. It is unique among milkweed
species because it displays an alternate leaf arrangement with only one leaf at each node
and unlike other species (exception: A. longifolia), butterfly weed has watery, translucent
sap (Cheatham et al., 2000; Woodson, 1954). Despite the species’ common name
reference to butterflies, the best pollinators for visitations, pollen removal rate and load
size are bumblebees (Bombus spp.) and honeybees (Apis spp.) (Fishbein and Venable,
1996). Butterfly weed’s fragrant and bright-colored blooms attract an assortment of
pollinators, including the monarch butterfly.

5

Figure 2.2

Butterfly weed (Asclepias tuberosa) botanical illustration.

(Millspaugh, 1974)
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Phytochemistry
Monarch butterflies rely on milkweed as both a food source and for predation
protection have developed a co-evolutionary relationship (Harborne, 1993). The two
species have evolved together, resulting in the milkweed developing a toxic sap to deter
predation and the monarch counteracting the toxicity by desensitizing itself to the toxins
and choosing milkweed as its preferred food source. The toxic sap contains cardenolides,
a toxic group of steroids, and their derivatives, cardiac glycosides, which contain both a
sugar (glycoside) and a non-sugar (aglycone – steroid) (Desai, 2000). Cattle and other
herbivores avoid feeding on milkweed, for even a small dose can be fatal. Milkweed has
varying toxicity, dependent on the species. The monarch butterfly larvae feed on the
milky sap containing the cardiac glycosides during their caterpillar stage, which prevents
predators, like birds, from feeding on them. The relationship between attacker and
defender, or the monarch and the milkweed, has been described as a “co-evolutionary
arms race” between two “biological enemies” (Harborne, 1993). Although the insect
predation diminishes the plant’s overall health by being fed on, the monarch caterpillars
later metamorphose into butterflies, which pollinate the plant for future reproductive
success.
One of the monarch’s main bird predators is the blue jay (Cyanocitta cristata)
which has adapted to not feeding on monarch caterpillars due to the bitter taste of the
cardiac glycosides that induces vomiting (Brower, 1969). Blue jays associate the bright
orange color of the monarch butterflies as a warning, therefore, deter from feeding on
them as the bright color is associated with the bitter toxin. This has resulted in other
7

butterfly species with similar coloration to also receive protection, even though they do
not have the cardiac glycosides that monarchs receive from feeding on the milkweed as
caterpillars. Brower calculated that only 50% of the butterfly population needs to carry
the toxins to induce 100% resistance from the blue jays. Brower also found that an adult
male butterfly stores enough cardiac glycosides to make five blue jays vomit with 50%
chance of success (Brower, 1969). In summary, predators are unlikely to feed on a
species that carry a defense mechanism harmful to the attacker.
Medically, cardiac glycosides are used to treat heart patients to increase the
contraction of the heart (Agrawal, 2017). Compared to humans, a monarch weighs less
than one gram and can sequester over 0.25mg of cardenolides, or the same amount given
to heart patients. This is especially remarkable considering humans have over
approximately 2.5 million times the mass of a monarch, yet both species tolerate
equivalent dosages (Agrawal, 2017). For most herbivory predators of milkweed, the
complex chemistry of cardiac glycosides has been intolerable, and the heart-stopping
effect of feeding on plants containing the deadly compound is life-threatening for all
except for the monarchs and other cardenolide-feeding insects.
Discovery of the monarch’s ability to overcome the fatal effects of cardiac
glycosides is credited to chemical ecologist, Ferdinand Holzinger, and molecular
biotechnologist, Michael Wink, who identified the single DNA gene mutation coding for
the sodium pump (Agrawal, 2017). This mutation modifies the sodium pump reducing
sensitivity to the cardenolides. The biochemical mechanism of action for cardiac
glycosides is not fully understood, but it is hypothesized this compound inhibits the
membrane-bound sodium pump (Desai, 2000). Monarchs also have a unique gene
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sequence that desensitizes them more to cardenolides than other cardenolide feeder
insects (Agrawal, 2017). Holzinger and Wink further discovered the amino acid at
position 122 of the binding pocket (alpha subunit) of the sodium pump’s proteins (made
up of amino acid chains) is different from all other studied insects who do not feed on
cardenolides (Holzinger and Wink, 1996).
The amino acid substitution pattern is unique to the monarch, suggesting the
mutation was singular in monarchs during their evolution, as other cardenolide feeders,
including the queen butterfly (Danaus gilippus) and the polka-dot wasp moth
(Syntomeida epilais), have a differing amino acid substitution pattern (Holzinger and
Wink, 1996). The evolutionary amino acid change from asparagine to histidine, is
accredited to a single-base change of the DNA sequence that make up the amino acid,
ultimately resulting in a shape change of the binding pocket, and reduced binding of
cardenolides on the sodium pump (Agrawal, 2017). A comparative experiment of the
sodium pump of monarchs to another cardenolide feeder insect, the garden tiger moth
(Arctia caja), found monarchs had greater tolerance to cardenolides thus, greater activity
of its sodium pump in response to dosage (Agrawal, 2017). The co-evolution of
monarchs adapted to feed on milkweed because of their tolerance to cardiac glycosides
appears to be give their species genetic, ecological, and evolutionary superiority
compared to other cardenolide feeders, although this inferiority is arguably a limitation
for suitable hosts that the species can feed on.
In a constant race between milkweed and monarch to adapt or die, the milkweeds
evolve by diversifying and producing new toxins dependent on species (Agrawal, 2017).
On average, milkweed produces ten different kinds of cardenolides. Theory suggests
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producing a variety of secondary compounds is more effective than only one, especially
when combating a range of different predators that may not respond to a singular toxin or
develop resistance. Although these hypotheses have not been tested, it is likely
cardenolides are species specific, and each may be pest specific. Increasing the predator
kill percentage reduces the risk of it adapting to the toxin and subsequent resistance
(Agrawal, 2017). Furthermore, other theories suggest milkweed produces a toxin that
benefits its feeder to provide better protection against more lethal predators, such as
grazing cattle (Harborne, 1993). Insect feeders may also develop a repellent smell from
eating the plant, further deterring other pests. Finally, presence of the insects on
milkweeds may attract other pollinators and ultimately help achieve the plant’s number
one goal which is production of viable seed (Harborne, 1993). The attraction of the
monarch to the milkweed may be the preferred food source as it provides protection
against predators with its cardiac glycosides, but the real oviposition stimulant, or egglaying attractant for the monarch, may be another chemical altogether (Haribal and
Renwick, 1996). In a study of tropical milkweed (Asclepias currassavica), flavonol
glycosides were identified as oviposition stimulants for monarchs (Haribal and Renwick,
1996). This emphasizes the importance of plant secondary compounds and the need for
further investigation of other chemicals occurring in the host plants.
Environmental effects on Phytochemistry
The plant’s environmental preferences influence its defense mechanisms. For
example, it has been theorized that shade-adapted plants are less prone to herbivory likely
because herbivores tend to be more present in sunny areas (Agrawal et al., 2012).
Herbivory attacks and light competition are both potential stresses to plant, so naturally
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sun-adapted plants have reduced resistance in a shady environment, where herbivores are
still present and light levels are low. Naturally-occurring populations of common
milkweed (Asclepias syriaca), a sun-adapted plant, were studied at different light level
environments. Populations growing in shady areas (e.g. forest edge) had reduced
resistance traits compared to populations in sunny areas. Resistance traits (i.e. lower leaf
toughness, cardenolides, and trichomes) were reduced by lower light levels, but lightcapture traits (i.e. higher specific leaf area, larger leaves, and lower C: N ratio) increased.
In response to herbivory by monarch caterpillars, milkweeds in full sun demonstrated
improved resistance to caterpillars due to their heightened structural and chemical
resistance properties, while the milkweeds shaded environment were more vulnerable and
do not induce defenses (Agrawal et al., 2012). In comparison to a controlled environment
study, the field study allowed for more natural light levels and insect attack patterns to be
studied, as well as taken into consideration the impacts of other natural stressors.
Hormones that induce defenses are also affected by a plant’s environment as
demonstrated in a more controlled field study of the same milkweed species (Agrawal et
al., 2012). Plant hormones, such as jasmonic acid, salicylic acid, abscisic acid, and indole
acetic acid, had reportedly higher levels in the sunny environments. Specifically, the
production of jasmonic acid and abscisic acids were prompted when milkweeds were
attacked by herbivores. Described as a “jasmonate burst”, induced by the attacks, the
response occurred 50% less in the shaded plants. The jasmonate pathway is part of both
cardenolide and latex induction, which are predator defense mechanisms. The jasmonate
pathway induced by herbivory impacts the concentration of cardenolides, as shaded
plants contained 27% lower concentrations compared to the sun plants. Light
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concentration does not affect the cardenolide concentration, but plants in the sunny
locations were attacked by more herbivores, thus inducing the jasmonate pathway. Latex
induction of the shaded plants was also 17% below that of milkweed plants in sun,
although latex induction is independent to cardenolide induction. In gardens, it was
observed monarch caterpillars grew approximately 10% faster on shade plants, which
was correlated to lesser jasmonate burst in shaded plants and reduced resistance to
herbivory. Other plant properties must also be taken into consideration, such as plant
water tissue content, because of their effect on the environment and its impact on plant
hormone levels (Agrawal et al., 2012). Overall, the sun adapted plants are more
defendable against attackers, while the shade adapted plants allot their efforts to sun
capture instead.
Commercial Value and Historical Uses
The milkweed genus (Asclepias) was first described in 1753 by Carl Linnaeus and
is named after the Greek healer, Aesculapius (Cheatham, et al., 2000). People valued
milkweed as a medicine, as described by Dioscorides in 70 A.D., both for its foliage and
roots (Osbaldeston and Wood 2000). Milkweed is reported useful for treating a wide
range of medical ailments: diarrhea, sore throat, rashes, tapeworm, contraceptive and
snakebite (Stevens and Anderson, 2001). Historically, Native Americans used the pappus
to weave undergarments (Gerard, 1597). Lifejackets and insulated clothes were stuffed
with the pappus for military personnel in World War II (Berkman 1949). Fibers from the
stalk have been woven into string, although mass quantities of plant stalks (approx. 500
plant stalks per 100 ft of cord) are needed to manufacture string for commercial products
(Stevens and Anderson, 2001). Commercial value for milkweed includes use in the
12

ornamental landscape industry. Butterfly weed was named the 2017 Perennial Plant of
the Year® meeting nomination requirements including: low maintenance, wide climatic
range for suitability, and relatively pest- and disease-free (Perennial Plant Association,
2017). Butterfly weed is readily marketable because of the species’ bright orange, showy
flowers and for its common name which suggests its’ ability to attract butterflies.
Comparatively, most native species are unknown in the industry, but seed trials
conducted by the Mississippi State University Crosby Arboretum in Picayune, MS may
help bring awareness of other suitable species for the landscape (Drackett and Langlois,
2018). It was determined the best native species for home gardens include six species for
coastal Mississippi: A. incarnata, A. perennis, A. tuberosa, A. variegata, A. verticillata,
and A. viridis, along with two species for boggy areas: A. lanceolata and A. longifolia.
The trials suggested milkweed species from wet habitats are easier to grow than those
from drier habitats. Except for A. tuberosa, all the species evaluated are rare to find or
only commonly available at some nurseries (Drackett, 2018). If more readily available in
garden retail outlets, milkweed species that perform well in south Mississippi could
experience success among local home gardeners.
Milkweed Habitat
Habitat preferences to environment is species specific among milkweeds.
Butterfly weed (Asclepias tuberosa) has a wide climatic range extending from the
southwestern United States to the Midwest and into eastern Canada (Cheatham et.al,
2000). Preferred habitats are open, dry or well-drained, and sunny sites along woodland
edges, dry roadsides, pastures, fields, and disturbed areas (Cheatham et.al, 2000;
Kindscher, 1992; Timme, 1989). Open areas are considered suitable habitat because
13

butterfly weed is not a good natural competitor and can be easily displaced by shade of
dense vegetation. Soil type preference is sandy to loamy texture, with moderate acidity
(pH 4.8-6.8) and a moderate salinity tolerance of EC 4-8 dS/m (Gargiullo, 2007; Kratsch
et al., 2008). Butterfly weed extent in Mississippi is state-wide except for Yazoo County
in the Delta (Drackett, 2018).

Figure 2.3

Butterfly weed (Asclepias tuberosa) along roadside in Mississippi

(photo credit: Richard Harkess, 2017)
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Impact of Mowing and Herbicides
Herbicide applications in forages and highway right-of-ways were evaluated on
green antelopehorn (Asclepias viridis) and relatively unaffected (with the exception of a
few herbicides including, Roundup) (Byrd et.al, 2018). Therefore, other milkweed
species may also be tolerant of herbicides applied to forages and highway right-of-ways.
The green antelopehorn milkweeds in reproductive stage declined more than those in the
vegetative stage, illustrating the importance of timing of herbicide applications (Russell,
et al., 2017). Mowing frequency and timing also impacts milkweed species, assessed in
both green antelopehorn (A. viridis) and common milkweed (A. syriaca) both species
evaluated for mowing impacted (Fischer et.al, 2015; Thorne et.al, 2018). Mowing
common milkweed in July extending the monarchs breeding season and increased
reproduction (Fischer et.al, 2015). Green antelopehorn milkweed grew back faster when
mowed in May or June compared to when mowed in July-September. Growth declined in
July (plant matured and senesced) but mowing versus not mowing still increased growth
rates and promoted re-blooming. Significantly more green antelopehorn milkweed were
recorded in mowed plots compared to un-mowed plots (Thorne et al., 2018). The
Department of Transportation can better implement vegetation management practices in
regards to milkweeds on roadsides and along electric utility lines by knowing what
herbicides to apply, and also when and how often to mow to encourage milkweed
numbers and pollinator habitat.
Seeding, Transplanting, and Propagating Butterfly Weed
Butterfly weed is heat tolerant and can be grown in USDA hardiness zones 3A to
9B (Ball Horticultural Company, 2018). In the southern U.S., butterfly weed seed has
15

high germination rates so growing from seed or cuttings (indoors or outdoors) may prove
to be more successful than transplanting mature plants. Seeds are easily propagated but
must be collected before the fruit pod splits open and sown in the fall (Stevens and
Anderson, 2001). Although a cold treatment is not required, there is a recommended cold
treatment time of 3 months and some northern growers recommend a seed stratification,
scarification, or additional treatment (Steven and Anderson, 2001; Cheatham et.al, 2000).
It is recommended to transplant only while the plant is young and not fully developed as
the deep taproot is fragile and prone to injury when dug up (Cheatham et.al, 2000). The
tuberous rhizome may also be propagated from cuttings (at least 1 bud per piece) and it is
suggested the propagated plants be irrigated the first year to establish the root system
(Steven and Anderson, 2011). Specific recommendations exist for commercial or potted
butterfly weed production (Appendix B).
Geographic Information Systems (GIS) for Assessing Habitat
Geographical Information Systems (GIS) can be used as a tool to predict and map
spatial distribution by linking geographic information to descriptive data. Remote sensing
technologies, such as satellites and un-manned aerial vehicles (UAVs), facilitate data
collection for GIS use. Analyzing spatial distribution of a species allows for suitable
habitat to be modeled based on geographic features such as environmental variables.
Botanical gardens throughout the world employ GIS as a tool to obtain a better
understanding of how to protect and restore the plant species they shelter. The Missouri
Botanical Garden predicts species location with spatial modeling in GIS that incorporates
both climate and geo-referenced specimen collection data from their TROPICOS
database (Vargas et al., 2004). In Ecuador, the potential distribution of both endemic and
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non-endemic Anthurium species was modeled to determine if the species were within
protected areas. Although researchers conducting the study admitted to having possible
collection bias, GIS enabled the scientists to define the topography and locate sites where
the species would most likely occur climatically (Vargas et al., 2004). Knowing where a
species is potentially located and to what degree is important when recommending
conservation sites to prioritize areas with the best suitability.
A study by the Bali Botanical Garden in India monitored land use/land cover
(LULC) change over set periods of time with Landsat data from both 1997 (Landsat 5
TM) and 2014 (Landsat 8 OLI), as well as Normalized Difference Vegetation Index
(NDVI) analysis (Iryadi and Sadewo, 2015; Rouse, 1973). Landsat data were applied to
algorithms to determine changes from two periods by comparing overlaid maps. NDVI
analysis provided meaningful vegetation density data from which researchers concluded
94% of the conservation areas were well-maintained but 5% of the forest area had been
lost, and therefore, misused with regards to the regional planning policy (Iryadi and
Sadewo, 2015). The use of GIS helped to present land change over time to enforce
proper land use in the future and ensure protection of the species within these areas.
To predict habitat suitability for the rarest orchid species in Eastern North
America, small whorled pogonia (Isotria medeoloides), a GIS model was developed that
assessed the ecological habitat preferences of the species (Sperduto and Congalton,
1996). The study area was limited to New Hampshire and Maine where 80% of known
plants occur, suggesting these states may have best suited habitat conditions for small
whorled pogonia. Characteristics associated with the habitat of the species include soil
type, physiography, forest cover, and site disturbance history. Previous field study
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information from the United States Geological Survey (USGS) was used to identify
known locations and the specific habitat characteristics. Topography was derived in the
form of digital elevation model (DEM), 30m resolution, measuring both slope and aspect
of field sites. Soil types from the USDA-NRCS based on large-scale map units and land
cover was measured by digital reflectance from 1990 Landsat (TM) data. The model
weighted each variable with equivalent contribution (equal weight model) while the chisquare analysis model was based on the chi-square statistics of characteristics of the
orchid at occurrence sites and randomly-generated, assumed non-occurrence sites.
Accuracy assessment was based on confusion matrices and field validation of sites that
had predictive habitat potential. Sites were surveyed for 24 days to confirm the presence
or absence of the orchid and results showed 57% of the sites were correctly identified by
the equal-weight model versus 78% of sites correctly identified by the chi-square model
(Sperduto and Congalton, 1996). This study provides evidence that using environmental
data layers are essential to identify suitable habitat, especially based on the local
conditions of adaptation. Limitations to this study was the assumption that sites orchids
were not found were classified unsuitable.
A debated validation for plant species habitat modeling is using the presence or
absence of a species. Shelford’s law of tolerance states “an organism's success is based
on a complex set of conditions and that each organism has a certain minimum, maximum,
and optimum environmental factor or combination of factors that determine success”
(Shelford, 1931). Shelford’s principle reiterates the idea that just because a species is not
present does not mean the site is not suited. This must be taken into consideration when
GIS is used for predictive plant suitability models. Factors pertinent to a species’ absence
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from an area not to be overlooked are whether or not the plant is detectable when
obtaining field validation (e.g. bloom period) or if it has dispersed to a suitable area yet.
A simple GIS approach to predict rare plant habitat is using the distance-based,
geo-statistical DOMAIN procedure in GIS (Carpenter et al., 1993). This algorithm
calculates a point-to-point similarity index of the variable values at known occurrence
sites in comparison to predicted site values and is effective with limited variables.
Potential distribution is calculated based on the Gower metric range standardization to
equally weight the contribution from variables point-to-point. Gower metric is less prone
to biases from clustered data points than variance standardization (Gower, 1971). The
DOMAIN procedure can be applied to biophysical envelope models with environmental
variables for prediction (Nock, 2008). Model validation of remotely sensed data is
deemed acceptable if 85% of known occurrences are in the predicted areas (Anderson et
al., 1976). While random sampling is the classic model validation, it requires resources
that are not always available such as manpower, time, and money (Nock, 2008). Plants
have uneven distributions, so field validation based on presence-absence of random
sampling can be unsuccessful due to the spatial heterogeneity of species distribution and
environmental factors.
Understanding a species’ distribution enables GIS to be used as a tool to develop
habitat suitability or “niche models” based on multiple environmental variables related to
plant occurrence (Rotenberry, 2006). The statistical hypotheses relating environment to
plant occurrence can be analyzed with GIS to create predictive multi-variate models.
Niche models strive to answer primary ecological species questions by: 1) identifying
effects of individual variables on the species distribution, 2) providing spatially explicit
19

assessments of habitat suitability, and 3) allowing for model application into areas with
no information on the species occurrence (Rotenberry, 2006). Habitat suitability
modeling in GIS using known occurrence data and environmental variables proves to
reveal distribution of a species at a regional scale successfully. Appropriate scale and
extent for the study must be considered to ensure model accuracy.
A study compiled data in GIS to evaluate effects of different scales and extents in
calculated species richness of both native and non-native plants across Great Britain
(Bailey et al., 2017). Scales evaluated were the fine grain grid cell (1 km2) and coarsegrain grid cells (100 km2). Distribution data were collected from the Botanical Society of
Britain and Ireland (BSBI). Biases were avoided by excluding un-sampled grid cells.
Bailey et al. focused their evaluation on three common topographic metrics; climate,
land-cover, and human population. Geodiversity variables measured included: landform
data (e.g. peaks and valleys), soils data, hydrology data, and geological data. Three
species richness models were evaluated at the different extents and grain sizes: a) geodiversity variables model, b) topographic variables model, and c) all variables model.
Geodiversity proved to improve models if a smaller extent and grain size was used, more
so for native plants than non-native plants. Landform data had the greatest contribution of
the geodiversity variables, although hydrology and soil had notable contributions.
Increasing the extent increased the model contribution of climatic variables, but
decreased the contribution of geodiversity variables. It is suggested geodiversity variables
should be modelled individually, rather than collectively, because a multi-variate
approach gives an improved model (Bailey et al., 2017). A multi-variate model including
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many variables is likely to be more indicative of a species’ distribution versus one
variable.
The value of employing GIS as a tool to predict and map suitability habitat for
plant species is apparent. Although many factors must be taken into consideration for
mapping species habitat, primary variables affecting distribution can be identified
through choosing a suitable model. Successful models can be built and validated based
on the presence-only method or the presence-absence method. The quality of the spatial
data, both imagery and scale, are important for the accuracy of the model. Obtaining
quality data improves model accuracy. Employing GIS to identify habitat allows
scientists to learn more about plant species’ distribution and develop a better
understanding to ensure effective conservation measures are taken. Data to identify
butterfly weed habitat with GIS includes the species’ environmental preferences to soil
pH, soil texture, and land cover type. Other variables to assess include sunlight exposure,
soil moisture, and land management practices.
Georeferencing, Databases, and Tools
A common method for analyzing geographic data associated with herbarium
specimens is through georeferencing. Georeferencing aligns latitude and longitude
coordinate data into a known coordinate system to view and make analytical comparisons
with other geographical data (ESRI, 2016). A collaborative platform created for
georeferenced natural history collections data is “GEOLocate”, created by University of
Tulane (Rios et al., 2014). The GEOLocate algorithm automatically assigns geographic
coordinates to texturally described locality descriptions data by “standardizing the
locality string into common terms and parsing out distances, compass directions, and key
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geographic identifiers” (Rios et al., 2014). GEOLocate allows for specimens in historic
herbaria collections, created prior to satellite guidance technology, to have collection
locations with assigned GPS coordinates. Records may be mass georeferenced.
Herbarium specimen data are historical so may have inaccurate, incomplete or inadequate
collection information regarding the exact location where the specimen was originally
found. The Southeast Regional Network of Expertise and Collections (SERNEC, 2018) is
an online collaborative herbaria database with geo-referenced specimen data translated to
Google Earth (Google Inc., Mountain View, CA) GPS locations. Southeastern plant data
available for download from SERNEC includes the butterfly weed and many other
milkweed species occurring in Mississippi.
To analyze the geographic locations of specimen data USDA’s Natural Resource
Conservation Service Geospatial Data Gateway (NRCS-GDG) provides both
environmental and natural resource data through a digital map library that provides high
resolution rasters (Soil Survey Staff, 2017). For soil analysis and mapping, the Soil
Survey Geographic database (SSURGO) is available for download. Soils data are
available in a gridded raster format, gSSURGO. The Mississippi gSSURGO database are
mapped under the 7th Edition of the USDA Soil Taxonomic Classification system or
newer by soil scientists and last updated in 2006 for all Mississippi counties (DelaneyNRCS, personal communication). The gSSURGO (updated 2016) database contains a 10
meter resolution raster, MapunitRaster_10m, which was created by conversion of the
feature class, map unit polygon, to a raster with the Albers Equal Area projection to
preserves area. The gSSURGO datasets provide raster-format of the SSURGO vector and
attribute tables. The USDA-NRCS’s Soil Data Development (SDV) toolbox from the Soil
22

Data Mart includes the tools used to build the gSSURGO database. The SDV toolset
contains a mapping toolset that allows for soil-related attributes, including soil chemical
and physical properties, to be readily mapped. The tool allows for soil features to be set
prior to map processing such as top and bottom depth of the soil. Soil depths are
classified into six standard layers and five standard zones (Soil Survey Staff, 2017).
The Multi-Resolution Land Characteristics (MRLC) Consortium, is a group of
federal agencies such as NASA, U.S. Geological Survey (USGS), and NOAA. The
MRLC provides land use/ land cover data for download nation-wide. The standard
National Land Cover Database (NLCD) is based on 16-classes. Data is currently in 30 m
resolution and updated every five years with present Landsat imagery for download on a
state-level or national-level (MRLC, 2018). Land use/ land cover data is essential in
understanding spatial distribution patterns of organisms and for future planning purposes.
The Mississippi Automated Resource Information System (MARIS) is a geo-data
platform established in in 1986 by the state of Mississippi which provides geo-spatial
data on both cultural and natural resources while also serving as the clearinghouse for
GIS data (MARIS, 2017). MARIS has many attributes available in state-wide format that
include state boundaries, roads, land cover classification, and climate data, therefore,
serves as a primary Mississippi data source (MARIS, 2017).
The datasets mentioned above provide sufficient data to map butterfly weed’s
habitat from SERNEC herbarium record locations and both soils data and land cover data
provided by USDA-NRCS. The environmental data provides state-wide coverage and is
readily mappable, with the option to overlay major highways, cities, and county borders
available for download from MARIS. Employing multiple data sources enables layers to
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be created that can be analyzed and weighted according to produce a model and map to
identify potential suitability habitat for butterfly weed in Mississippi.
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MATERIALS AND METHODS
Data Acquisition
Data acquired for this study was from the online herbaria, Southeast Regional
Network of Expertise and Collections (SERNEC, 2018). The database contains historic
geo-referenced butterfly weed (Asclepias tuberosa) specimen occurrence data of the
southeast in downloadable Google Earth KML file format. Occurrence sites were
converted to comma-separated value (CSV) file format, then for imported into ArcGIS
Desktop® 10.5 (Esri, Redlands, CA). The CSV file format contains mappable geographic
coordinates (latitude, longitude) of occurrences displayed as (X, Y) data in ArcGIS
Desktop® 10.5 and exported as a point shapefile. The end result is a map of historical
georeferenced butterfly weed locations in Mississippi. The shapefile of Mississippi was
downloaded from Mississippi Automated Resource Information System (MARIS).
Current locations (118 points) of butterfly weed were collected between June 22 and July
14, 2017, with a Garmin® eTrex Vista cx GPS unit (Garmin, Olathe, KS), along highway
right of ways in Mississippi, within the North-South boundary of I-55 and the West-East
boundary of US Hwy 84 (Figure 3.1). The boundaries were within reasonable driving
distance (approx. 2.5-3 hours) from where the study was based (Starkville, MS).
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Figure 3.1

Study area of GPS points collected in Mississippi

Boundaries within the North-South boundary of I-55 and the West-East boundary of US
Hwy 84.
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This study area is only representative of a portion of the state whereas the
SERNEC database comprises the entire state of Mississippi. Individual stem counts were
not taken therefore, an individual point may represent presence of more than one stem.
An additional 24 points were also collected using the DiopThrace (Thracian Software,
2017) smartphone app (Figure 3.2). Current locations provide validation to the site
suitability model. The geographic coordinate system used to define points in this study is
the World Geodetic System of 1984 (WGS 1984) which was transformed to align with
the gSSURGO coordinate system, North America Datum of 1983 (NAD 1983).

Figure 3.2

Example of DiopThrace image showing Butterfly weed location

Latitude and longitude measured in degrees minutes seconds format. (photo credit:
Richard Harkess, 2017).
The suitability model of butterfly weed’s environmental preferences is based on
the SERNEC database and reflects suitability based on the occurrences within the dataset.
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The environmental variables assessed in this study were chosen based on published
butterfly weed preferences. Variables assessed include: soil properties (e.g. pH and soil
texture) and land use/ land cover (LULC) data (e.g. forest or farmland). State-wide soil
and LULC data was downloaded from USDA-NRCS Geospatial Data Gateway (NRCSGDG).The gSSURGO database (2016) provided soil attribute data in 10 m resolution.
The LULC data is provided in 30 m resolution and is based primarily on decision-tree
classification of the 2011 Landsat data (Homer et. al, 2015).
Data Creation
The soil attributes were mapped from the Soil Development toolbox mapping
toolset set at 0-20 cm depth (zone 1). Soil maps created were in polygon format, then
converted to raster format. Using the ArcGIS Desktop® Conversion Tool, To Raster:
Polygon to Raster tool the data were assigned a 30 m cell size (resolution) to align with
the LULC data layer. The ArcGIS Desktop® Spatial Analyst Tools, Extraction: Extract
Multi Values to Points tool created a tabular dataset which contained all raster values
aligned to data point locations. Soil attribute values extracted reflect the dominant
component value, an aggregation method which creates a value of the highest percent
composition of the selected component in the map unit. Three state-wide rasters were
created of Mississippi’s land cover, soil pH, and soil texture (Figures 3.3, 3.4, 3.5).
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Figure 3.3

Mississippi land cover.

Data derived from MRLC National Land Cover Database (NLCD) 2011
(30 m resolution).
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Figure 3.4

Mississippi soil pH.

Data derived from USDA-NRCS gSSURGO soils data, 2016 (30 m resolution).
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Figure 3.5

Mississippi soil texture based on USDA soil texture triangle.

Data derived from USDA-NRCS gSSURGO soils data, 2016 (30 m resolution).
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The 12 standard soil texture classes were created with a single raster of the
percent sand, silt, and clay with the ArcGIS Desktop® Spatial Analyst Tools, Map
Algebra: Raster Calculator. The 12 textural soil classes are defined as percent sand, silt,
and clay composition (Table 3.1) based on the USDA-NRCS soil texture triangle
calculator (Soil Survey Staff, 2017).
Table 3.1

USDA Soil Textural Triangle Calculations for Raster Calculator Input.

Class Texture
1
Sand

Formula
(("silt" + (1.5 * "clay") < 15))

2

Loamy sand

(("silt" + (1.5 * "clay") >= 15) & ("silt" + (2 * "clay") < 30))

3

Sandy loam

(("clay" >= 7) & ("clay" < 20) & ("sand" > 52) & ("silt" + (2 *
"clay") >= 30)) | (("clay" < 7) & ("silt" < 50) & ("silt" + (2 *
"clay") >= 30))

4

Loam

(("clay" >= 7) & ("clay" < 27) & ("silt" >= 28) & ("silt" < 50) &
("sand" <= 52))

5

Silt loam

(("silt" >= 50) & ("clay" >= 12) & ("clay" < 27)) | (("silt" >= 50)
& ("silt" < 80) & ("clay" < 12))

6

Silt

(("silt" >= 80) & ("clay" < 12))

7

Sandy Clay
Loam

(("clay" >= 20) & ("clay" < 35) & ("silt" < 28) & ("sand" > 45))

8

Clay Loam

(("clay" >= 27) & ("clay" < 40) & ("sand" > 20) & ("sand" <=
45))

9

Silty clay loam

(("clay" >= 27) & ("clay" < 40) & ("sand" <= 20))

10

Sandy clay

(("clay" >= 35) & ("sand" > 45))

11

Silty clay

(("clay" >= 40) & ("silt" >= 40))

12
Clay
(("clay" >= 40) & ("sand" <= 45) & ("silt" < 40))
Formulas formatted with proper raster calculator syntax. Formula textures “sand”, “silt”,
and “clay” denote percent sand/silt/clay rasters created from USDA-NRCS Soil Data
Development Toolbox.
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Land cover classes were pre-defined by MRLC NLCD based on the 16-class land
cover classification scheme. Out of 16 possibly classes, only 15 currently occur in
Mississippi (Table 3.2). Soil pH was adjusted to 1-increment ranges to accommodate
butterfly weed’s wide range of pH preferences. The soil pH ranges: <5, 5-5.9, 6-6.9, >7.
Table 3.2

MRLC National Land Cover Database (NLCD) valuesz for key to classes.

Value
Land Cover Class
11
Open Water
21
Developed, Open Space
22
Developed, Low Intensity
23
Developed, Medium Intensity
24
Developed, High Intensity
31
Barren Land
41
Deciduous Forest
42
Evergreen Forest
43
Mixed Forest
52
Shrub/Scrub
71
Herbaceous
81
Hay/Pasture
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
zValues derived from MRLC NLCD Mississippi data layer attribute table in ArcGIS.
Duplicate locational coordinates, attributes with no data (-9999 value) or in land
cover class 11 (water) were deleted to avoid site selection biases and locational error (i.e.
butterfly weed will not occur in an open water land cover). Out of 140 SERNEC data
points, 19 data points were deleted (13.5%) due to locational error (Table 3.3).
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Table 3.3

SERNEC Data Portal Asclepias tuberosa Deleted Pointsz

ID
Catalog Number
Reason
8
MISS0058149
water
11
MISS0058171
no data; water
18
MISS0058045
coordinate
30
MISS0058146
coordinate
32
MMNS017556
coordinate
35
MISS0058161
coordinate
39
MISS0058041
water
45
DSC100688
coordinate
49
MISS0058066
coordinate
58
MISSA002816
coordinate
60
MISSA002819
coordinate
63
MISSA002820
coordinate
76
MISS0058048
no data
80
MISS0058181
coordinate
91
MMNS000390
coordinate
111
MMNS024932
no data
114
MISS0058055
coordinate
128
MISS0058064
coordinate
134
USMS_000006384
no data; water
zDeleted points had duplicate coordinates, no data, or occurred in open water.

Data Analysis
A frequency analysis (SAS® 9.4; SAS Institute Inc., Cary, NC) of the SERNEC
point attributes identified the frequency of each attribute and its classes in relation to
butterfly weed occurrence. A suitability index was created based on the frequency
analysis results of the SERNEC data points and a score assigned to each attribute class
from 0 to 100, where 100 was the highest frequency class of that given attribute. All other
class scores were determined as the quotient of subsequent class frequencies divided by
the maximum frequency value, then multiplying by 100.
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The ArcGIS Desktop® Spatial Analyst Tools, Reclass: Reclassify tool assigned
weights to the attribute classes based on the suitability index scores (Tables 3.4, 3.5, 3.6).
The assigned weight for each class is representative of the suitability index for butterfly
weed based on the SERNEC data frequency analysis.
Table 3.4

pH Suitability Scoresz of SERNEC data points
Class

Range of
Frequency at sites Suitability
values
(%)
Score
1
<5
23
28
2
5-5.9
82
100
3
6-6.9
5
6
4
>7
9
11
zSuitability score based on suitability index where the maximum frequency is 100 and all
other frequencies are divided by the maximum and subsequently multiplied by 100.
Table 3.5

Soil Texture Suitability Scoresz of SERNEC data points
Class

Textural Class

Frequency Suitability
at sites
Score
(%)
1
Sand
1
2
2
Loamy sand
2
5
3
Sandy Loam
27
64
4
Loam
6
14
5
Silt loam
42
100
7
Sandy clay loam
3
7
8
Clay loam
4
10
9
Silty clay loam
16
38
11
Silty Clay
7
17
12
Clay
11
26
zSuitability score based on suitability index where the maximum frequency is 100 and all
other frequencies are divided by the maximum and subsequently multiplied by 100.
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Table 3.6

Land Use Land Cover Distribution suitability scoresz of SERNEC data
points
Class

Land cover type

Frequency at Suitability
sites (%)
Score
21
Developed, Open Space
23
100
22
Developed, Low Intensity
11
48
23
Developed, Medium Intensity
6
26
24
Developed, High Intensity
1
4
41
Deciduous Forest
17
74
42
Evergreen Forest
10
43
43
Mixed Forest
10
43
52
Shrub/Scrub
12
52
71
Herbaceous
5
22
81
Hay/Pasture
10
43
82
Cultivated Crops
4
17
90
Woody Wetlands
10
43
zSuitability score based on suitability index where the maximum frequency is 100 and all
other frequencies are divided by the maximum and subsequently multiplied by 100.
The habitat suitability map was constructed with the suitability scores related to
butterfly weed’s preference level to each environmental variable (pH, texture, and land
cover) to predict potential suitable habitat. A weighted model was chosen to assign
weights to each attribute. The ArcGIS Desktop® Spatial Analyst Tools, Overlay:
Weighted Sum tool assigns a cell value to the output raster based on the input rasters and
their assigned weights. The output raster cell value is calculated as a product of the values
of each class and the assigned raster weight, then summed. Land cover received 50%
weight and the soil attributes, pH and texture, both received 25% weight, or 50%
cumulatively (Figure 3.6).
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Figure 3.6

Flow chart of Butterfly weed (Asclepias tuberosa) habitat suitability model using weighted sum overlay.

Multiple models were run as a sensitivity analysis to assess contribution of each
attribute and also to compare building a model from the historic SERNEC herbarium
records versus GPS locations. Different weights were assigned to each attribute to
determine which weight combination produced the best fit model with highest suitability
among datasets. Symbology for the suitability map was shown as classified values based
on four habitat suitability classes (Shafer et.al, 2015) (Table 3.7). The four classes
defined are low to medium suitability, medium to high suitability, and high suitability.
Table 3.7

Suitability Index Rankings for butterfly weed suitability model

Suitability Indexz
Suitability Ranking
0-24
Low
25-49
Low to medium
50-74
Medium to high
75-100
High
z Suitability Index based on a 0-100 scale.
The suitability map of SERNEC points was validated with the field-collected
occurrence GPS points. To avoid locational biases, multiple points within 30 m (1 cell)
were deleted. These points were identified with the ArcGIS Desktop® Analysis,
Proximity: Near tool. Of 109 points, 52 points within a 30 m (1 cell) distance were
deleted to avoid cell collection biases, therefore, leaving 57 points to validate the model.
With the ArcGIS Desktop® Spatial Analyst, Extract: Extract Multi-Points to Values tool,
suitability index values were extracted from the suitability raster and assigned to GPS
points. A percent was then calculated for each suitability index range based on the total
number of points that fell within each range to determine the usefulness of the models
created with SERNEC data points.
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A chi-square analysis (SAS® 9.4) of the SERNEC and GPS datasets compared
distribution in counts between classes for each environmental variable to distinguish
significant differences among the datasets in terms of butterfly weed’s preferences.
Nearest neighbor point pattern analysis was run on both the SERNEC points and
collected GPS points to evaluate the spatial distributions of both datasets in their
respected study areas.
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RESULTS AND DISCUSSION
Results
The model accuracy was determined to be 78.9% based on percent of GPS points
that fell within medium to high suitability habit (>50 suitability index) derived from the
SERNEC suitability scores for environmental variables and a weight scheme of 50%
(0.50) land cover, 25% (0.25) pH, and 25% (0.25) soil texture. Multiple models were
created to compare suitability of the databases and contribution of the environmental
variables (Table 4.1). The DiopThrace collected GPS points revealed 70% of points
(17/24) within the >50% suitability index based on the best fit model (Figure 4.1).
Table 4.1

Comparison of butterfly weed suitability models based on percent
contribution of environmental variables and dataset suitability scores

Model ID

% Land
cover

% pH

% Soil
texture

%
Suitablez

SERNEC 5025
50
25
25
78.9
SERNEC 2040
20
40
40
73.6
SERNEC EQUAL
33.3
33.3
33.3
75.4
SERNEC LC
100
0
0
33.3
SERNEC pH
0
100
0
66.6
SERNEC text
0
0
100
59.6
GPS 5025
50
25
25
47.8
GPS EQUAL
33.3
33.3
33.3
57.1
zPercent Suitable defined points with >50 suitability index.
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Medium to
High Suitability
Points
45/57
42/57
43/57
19/57
38/57
34/57
57/119
68/119

Figure 4.1

Habitat suitability map for butterfly weed (Asclepias tuberosa) in
Mississippi

Map based on SERNEC herbaria data and USDA-NRCS environmental data. Model is a
weighted sum overlay (weights: 50% land cover, 25% soil pH, and 25% soil texture).
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A frequency analysis revealed the most frequent class counts of each
environmental variable for both datasets (Table 4.2, 4.3, 4.4). The most frequent
occurrence of land cover for the SERNEC dataset was developed, open (value 21) versus
for the GPS dataset developed, low (value 22). Soil attributes had a most frequent
occurrence in pH 5.0-5.9 and soil texture silty loam (value 5), were the most frequently
classes between both datasets.
Table 4.2

Frequency analysis of SERNEC and GPS datasets of pH for butterfly weed
in Mississippi.
pH Range
Source
SERNEC
GPS

<5.0

5.0-5.9

6.0-6.9

7.0-7.9

Total

Countz

23

82

5

9

119

Percentz

19.33

68.91

4.20

7.56

100

Count

13

38

2

4

57

Percent

22.81

66.67

3.51

7.02

100y

Total

36

120

7

13

176

zCount
yTotal

and percent representative of total points from each dataset source.
percent rounded to 100.
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yTotal

19

5

0

36

30

11

1

22.81 33.33 8.77 0.00

13

1

24
17

41
10

42
140

43
12

52
5

71
10

81
4

82
10

90

20

5.26

3

2

15

12

8.77 3.51

5
15

5.26

3

5

1

0

6

15

5

10

1.75 8.77 1.75 0.00

1

5.04 0.84 14.29 8.40 8.40 10.08 4.20 8.40 3.36 8.40

6

23

and percent representative of total points from each dataset source.
percent rounded to 100.

zCount

Count

Percent

Count

9.24

11

22

0
0.00
1

Percent
Total

0.84

Percentz
Count

1

Countz

1

2

0.00

0

1.68

2

2

41

24.56

14

22.69

27

3

11

8.77

5

5.04

6

4

62

35.09

20

35.29

42

5

3

7

3

0.00

0

2.52

and percent representative of total points from each dataset source.

GPS

SERNEC

Source

9

8.77

5

3.36

4

8

Soil texture classification value

17

1.75

1

13.45

16

9

16

15.79

9

3.88

7

11

Frequency analysis of SERNEC and GPS datasets for soil texture of butterfly weed in Mississippi.

zCount

Table 4.4

Total

GPS

19.33

23

SERNEC Countz

Percentz

21

Land cover class value

Frequency analysis of SERNEC and GPS datasets land cover of butterfly weed in Mississippi.

Source

Table 4.3

14

5.26

3

9.24

11

12

176

100

57

100y

119

176

100

57

100

119

Total

Total

The soil texture triangle created in SigmaPlot (Systat Software, San Jose, CA)
plots reveal soil texture distribution of the SERNEC and GPS datasets (Figures 4.1, 4.2).

Figure 4.2

Soil texture triangle of butterfly weed’s textural occurrences of the
SERNEC herbarium data points in Mississippi.

The SERNEC dataset is a historic herbarium collection of geo-referenced state-wide
locations (119 data points).
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Figure 4.3

Soil textural triangle of butterfly weed’s textural occurrences of the GPS
data points collected in Mississippi.

The GPS dataset is restricted to a study area within the North-South boundary of I-55 and
the West-East boundary of US Hwy 84 (57 data points).
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A chi-square analysis shows distribution differences of environmental variables
between the datasets and reveals no significant differences between the class counts of
the datasets (Table 4.5). Pearson’s chi-square value was used for land cover (unordered)
and Mantel-Haenszel chi-square was used for pH and soil texture (ordered) data. Land
cover has a p-value >0.0001 therefore, there is weak evidence against the null hypothesis
of no association between dataset source and category. Soil variables (pH and soil
texture) have p-values >0.0001 therefore, also have weak evidence against the null
hypothesis. The usefulness of using the SERNEC dataset is validated by the association
between the datasets which reveals the environmental variables have similar frequency
distributions of class occurrences.
Table 4.5

Chi-Square analysis of SERNEC and GPS environmental variable’s classes
for butterfly weed in Mississippi
Variable

Df

Value

Probability

Land coverz

11

25.68

0.0072

pHy

1

0.1968

0.6573

Soil texturey

1

0.1428

0.7055

zPearson’s

chi-square value for land cover (unordered).
chi-square value for pH and soil texture (ordered).

yMantel-Haenszel

Average nearest neighbor analysis revealed the point pattern of the data points.
Clustered point patterns presented for both the SERNEC and GPS data points. The
SERNEC dataset points had a nearest neighbor ratio 0.79, p-value of 0.00, and z-score of
-4.31, therefore a less than 1% chance the clustered pattern could be result of chance. The
study area for the SERNEC dataset points was the state of Mississippi with a study area
of 140191356062 square meters. The GPS dataset points had a nearest neighbor ratio
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0.51, p-value of 0.00, and z-score -6.94, therefore a less than 1% chance the clustered
pattern could be result of chance. The study area for the GPS points was 27946962100
square meters (within the North-South boundary of I-55 and the West-East boundary of
US Hwy 84).
Discussion
In summary, employing GIS to map suitable habitat for butterfly weed in
Mississippi proved to be successful based on the suitability map with 78.9% of GPS
validation points within suitable habitat (Figure 4.3). In comparison, models that used
SERNEC points as a basis for environmental frequency analysis of butterfly weed had
higher suitability than models based on the collected GPS points. The equal weight model
(Table 4.1) also had >75% of points within the >50% suitability index so, is also a
suitable model for assessing butterfly weed habitat. The SERNEC dataset was a better
representation of butterfly weed habitat because it had state-wide distribution and more
than twice the number of occurrence points than the GPS dataset. A limitation to the
SERNEC dataset is the accuracy of the locations as they are historic and geo-referenced
from label descriptions of the herbaria specimens.
The published literature of butterfly weed’s environmental preferences states it
prefers sandy loam while the datasets suggest it occurs mostly in silty loam in
Mississippi. Sandy loam is the second most frequently occurring soil texture. The land
cover and pH range aligns with the published literature that butterfly weed prefers open,
developed areas and acidic to slightly acidic soil pH.
The areas bordering the Mississippi Delta have the highest habitat suitability for
butterfly weed, therefore, these sites are potentially best suited for out-planting. The most
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suitable habitat appears to make a horseshoe pattern along the Mississippi Delta border,
along the northern state line, and extending down to the outer-edges of the Golden
Triangle region of northeast Mississippi (Columbus, West Point and Starkville, MS).
The framework for this study was based off the orchid habitat prediction study by
Sperduto and Congalton (1996). In comparison, using an equal weight model with soil
variables totaling 50% weight (25% each) and land cover 50% weight provided a
suitability index for the entire state of Mississippi versus a prediction of where it is likely
to occur and not occur. The environmental variables between the studies also differed, as
the orchid study accounted for slope, aspect, and elevation but not land cover or soil pH.
If predictability is associated with suitability, the chi-square model of the orchid study
had identical success to this study’s model with 78% of the orchids occurring where they
were expected to be (Sperduto and Congalton, 1996). The orchid study measured a site as
unsuitable if no orchids were found, refuting Shelford’s principle that although a species
does not occur in a specific area the absence does not suggest that area is unsuitable
(Shelford, 1931). A more valid argument would be to base the model on known
occurrence data instead of both known and unknown occurrence data.
When using a habitat suitability model, accuracy of the data must be disclosed to
communicate any potential limitations of the habitat suitability map. Sources of error in
the model included the resolution differences between datasets, projection changes, data
collection biases, and year of data creation. Land cover data imposed the greatest
limitations upon the model creation for this study as it had the coarsest resolution of 30 m
versus the soil attribute data which had 10 m resolution. Soil data cell size was converted
to 30 m to align with the land cover resolution of 30 m. A stronger habitat suitability
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model may be created when higher resolution data becomes available to more accurately
map environmental variables. The SERNEC and GPS butterfly weed locations in the
geographic coordinate system WGS 84 were transformed into NAD 83 to align with the
environmental datasets. Data collection biases arise likely due to site collection biases
near easy to access areas such as roadsides and urban areas, resulting in clustered point
patterns. Collecting sample points in less-accessible areas may improve the model by
revealing random point patterns not subjected to site collection biases. The years of the
datasets’ creation must also be taken into consideration when addressing model error, as
the land cover data was dated to 2011 and the gSSURGO database was updated 2016.
Future development of more GIS-based tools and occurrence databases will enable
species distribution to become more well-known and understood to focus conservation
efforts. The USGS’s Monarch Conservation Planning Toolbox incorporates a milkweed
stem calculator to estimate the number of stems across the United States on a countylevel and also provides a monarch density tool (Rohweder and Thogmartin, 2016).
Identifying where monarch and milkweed densities are highest may help to further guide
milkweed out-plantings. Additional datasets, such as a tree shade canopy layer, would
help to further assess forest type land cover cells by lessening the suitability index of
heavily-shaded canopies, therefore, eliminating these areas as suitable.
Reference to butterfly weed’s known preferences from the literature must be
considered foremost when the site suitability map is used. For example, if a site is heavily
forested it may not be suitable even if it is classified as suitable. Instead a forest-edge site
should be chosen to enable the butterfly weed to grow in an open area with less
competition and more sunlight. Certain land covers should be primarily considered first
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for plantings, such as roadsides, which provide 20% of the habitat land cover for
milkweed (Pleasants and Oberhausen, 2016). Roadsides provide important habitat
therefore, careful management of these areas is fundamental. It was observed during GPS
data collection for this study that butterfly weed frequently occurs along electric utility
lines (Figure 4.4). It is suspected that electric utility lines provide high habitat suitability
because they provide open area for the milkweed to grow with little to no competition
and sunlight exposure. Future studies in GIS overlaying electric utility lines in relation to
suitable habitat would be beneficial to identify optimal habitat.

Figure 4.4

Butterfly weed (Asclepias tuberosa) along electric utility lines in
Mississippi

(photo credit: Richard Harkess, 2017)
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CONCLUSIONS
A habitat suitability map for butterfly weed in Mississippi was created using
historical records of butterfly weed locations. Employing GIS to identify habitat, we
found 78.9% of current occurrence data was within the medium to high suitability
categories. Therefore, this study provided evidence historic geo-referenced herbarium
collections can provide useful information for mapping habitat suitability of butterfly
weed with GIS based on environmental preferences. The usefulness of using the historic
occurrence datasets can be confirmed using current occurrence datasets to validate site
suitability. The butterfly weed suitability map for Mississippi may be used as a general
guide of where to plant and where not to plant based on the habitat suitability index, but
closer site inspection may be necessary to ensure success in a specific area due to model
error. Management practices of suitable locations should also be considered before
planting, such as chemical applications and mowing, which may affect milkweed survival
and bloom period. Developing a suitability map based on environmental preferences will
enable local growers and conservation groups to out-plant milkweed with a higher
likelihood of success. Out-planting butterfly weed to suitable locations and recording the
survival rates over time would further validate the habitat suitability map. Stronger
habitat suitability models may be created when higher resolution, more accurate data
becomes available to precisely map environmental variables to species’ site preference.
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The great monarch migration takes place every year, where monarchs (Danaus
plexippus) travel upwards of 3,000 miles (approx.) from Canada, through the United
States to Mexico (Figure A. 1). Although it takes four to five generations to complete the
spring migration back to Canada, one ‘super generation’ completes the 8-month journey
to Mexico by taking advantage of the air currents. The reason for the monarch’s
migration back North is a debated topic but some scientists believe they follow the bloom
of milkweed, their primary larvae food source roadsides (Pleasants and Oberhauser,
2013). It is estimated the female butterfly lays 300 to 400 eggs during her lifetime and
they utilize most of the over 100 North American milkweed species (Oberhauser, 1997;
Woodson, 1954). Declining populations are due primary to habitat loss but also increased
chemical use (specifically glyphosate herbicides) in agricultural fields and roadsides
(Pleasants and Oberhauser, 2013). Population density estimates vary but the
overwintering population in Mexico is estimated to have declined by almost 50% from
6.51 hectares of area occupied to 3.51 hectares from 1994-2014 (Figure A.2). In the last
decade, Eastern populations are estimated to have declined approx. 80% (2005-2015),
and monarch production in the West has estimated to have declined by 81% due to the
58% decline in milkweeds (Pleasants and Oberhauser, 2013; Semmens et.al, 2016).
Creating suitable habitat for monarchs requires a habitat assessment including
variables such as sunlight exposure, soil suitability, wind shelter, land management
practices (herbicide use and mowing), and nectar sources (Monarch Joint Venture, 2018).
A successful habitat will include milkweed, the sole food source for monarch caterpillars
and a nectar source for the monarch butterfly.
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The loss of milkweed in the agricultural landscape (habitat loss) is thought to be a
primary reason for the monarch production decline and agricultural milkweeds are more
frequently used for egg-laying by monarchs (Pleasants and Oberhauser, 2013). The
greater oviposition on milkweeds in agricultural fields could be due to the fact smallerpatches are preferable and higher quality due to nitrogen levels from fertilizers or simply
easier for the monarchs to find in an open field. As agricultural milkweeds continue to be
lost due to management practices and due to their view as a harmful weed by farmers, it
is increasingly important to manage agricultural land responsibly.
The Obama administration introduced the first national strategy to promote
pollinator health in 2015. The goals of this strategy include to restore overwintering
monarch butterfly populations to an average of 6 hectares (15 acres) in the Oyamel fir
forests in Mexico and restore 7 million acres of pollinator habitat by 2020 (Vilsack and
McCarthy, 2015). Monarch Watch, a non-profit organization committed to restoring
habitat, out-plants milkweed on a national scale to restore habitat and offers free
milkweed plants for large-scale habitat restoration purposes to educational and non-profit
organizations. Native milkweed seed can be found through Monarch Watch’s Milkweed
Market or vendor directory, while the Xerces Society offers a milkweed seed finder
database (Monarch Joint Venture, 2018). Initiatives to plant more milkweed is becoming
a nationwide priority. The USDA-NRCS invested $4 million in 2016 for producers in the
Midwest and southern Great Plains to make conservation efforts on their land to increase
habitat for Monarchs by planting milkweed (USDA, 2015). The Environmental Defense
Fund (EDF) has also reached out to farmers and ranchers by starting a monarch butterfly
habitat exchange program where producers can grow milkweed on their property to
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provide habitat for monarchs in exchange for generating credits (EDF, 2017). The
program initiated spring 2017 and estimates habitat value based on a Habitat
Quantification Tool (HQT) that scores habitat on both quality and quantity to produce
“functional acres” units based on a species’ habitual needs. This tool “customizes
conservation” by weighting potential sites on percent optimal conditions such as
milkweed density (2,000 stem/acre maximum functionality) and threats including risk of
pesticide exposure and herbicide drift (EDF, 2017). Habitat assessment tools ensure
milkweed sites are protected and that optimal sites are chosen for future out-plantings.
Journey North, a migration tracking organization, enables people to record their monarch
sightings every season to help scientists create conservation tools to have a better
understanding of the species’ needs (Journey North, 2018). It is essential for
organizations to spread awareness of the importance of milkweed to popular pollinators
such as monarchs to increase conservations efforts.
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Monarch migration seasonal routes

(Xerces Society, 2015)

Figure A.1
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Total area occupied by overwintering monarchs in Mexico

Averages from 1994-2014 measured based on space occupied by hectare (Monarch Watch, 2014).

Figure A.2

BUTTERFLY WEED PRODUCTION INFORMATION
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The Ball Horticultural Company provides suggested growth requirements for butterfly
weed (Asclepias tuberosa) (2017). When grown from seed, the commercial
recommendations for butterfly weed are specific and should be followed accordingly for
a successful crop. The plug production of butterfly weed has four major stages.
Germination (Stage 1) is the time it takes for the radicle to emerge (approx. 7-9 days)
during which time soil temperature should be kept at 70-75°F (21-24°C), soil pH in an
acidic range of 5.5-5.8, and soluble salts (EC) less than 0.75 mmhos/cm (2:1 extraction).
Due to high salts sensitivity, especially to ammonium, EC must be keep relatively low
and ammonium levels <10 ppm. Stage 2 is the stem and cotyledon emergence period (7075 days) during which time fertilization (50-75 mg N l-1) from 14-0-14 (or a
calcium/nitrate feed) should begin after the cotyledons have fully expanded. Soil should
no longer remain at a constant moisture and allowed to dry out throughout the day before
irrigated again. Supplementary light (500-100 foot candles) should be added gradually at
this stage and pH and EC levels kept constant. Stage 3 is the period of growth and
development of the true leaves (28-35 days) at which time fertilization should be
increased to 100-150 mg N l-1 (or a calcium-potassium feed) every 2-3 irrigations.
Temperature should be decreased to 65-70°F (18-21°C) and light intensity gradually
increased to 1000-1500 foot candles. Stage 4 is the period plants are to be prepared for
transplanting and shipping (7 days) with an increased light intensity of 1500-2500 foot
candles and continued fertilization.
Seed can be sown in January to March and ready for sale April to May or sown in
September to October to bloom June to August. Plants will bloom in the same season if
sowed in June to August and should be transplanted into pots approximately September
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15. Plants can be overwintered in an unheated structure and temperatures should at 3035°F (-1-2°C). If the structure is uncovered, cover the plants with mulch. No fertilization
required during dormancy. If sown in September or October, maintain a temperature of
35-45°F (2-4°C) for 8-12 weeks and transplant into packs in November and move to pots
in December. If growing on to finish, maintain night temperatures of 60-65°F (16-18°C)
and day temperatures of 65-70°F (18-21°C) with constant high light levels of 3000-5000
foot candles. A soil-less media with a medium initial charge and pH 5.5-6.2 is
recommended. Fertilize with 15-0-15 at 150-200 mg N l-1 every second irrigation and a
medium EC of approx. 1.0 mmhos/ cm (1:2 extraction). Butterfly weed does not require
growth regulators but can be controlled with a day/night temperature differential. A
negative DIF helps maintain short plants of higher quality. Height can also be controlled
by decreasing fertilizer, especially phosphorus and nitrogen (ammonium form) types.
Butterfly weed prefers full-sun but partial shading may be favorable during retail display
(Ball Horticultural Company, 2017).
Additional recommendations for butterfly weed propagation including
biofungicide applications are available from the USDA (Lester and Vandevender, 2014).
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